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A new class of Chalcone-phosphonates derivatives as Anticancer Agents: Synthesis, spectral characterization, molecular docking and in vitro anti-proliferative evaluation

1. Dimethyl 3-oxo-1,3-diphenylpropylphosphonate 3a


Yield: 82% (white solid ). mp 112˚C.  IR (KBr) ν: 3397.66, 1651.71, 1238.94, 1053.18 cm-1; 1H NMR (400 MHz, CDCl3) (ppm): 7.82-7.80(m, 2H),  7.41-7.29 (5H), 7.19-7.10(m, 3H ), 4.01-3.88 (m, 1H), 3.69-3.47(m, 5H), 3.39-3.35 (m, 3H); 13C NMR (100 MHz, CDCl3): 196.10, 136.97, 133.32, 128.61, 126.30, 54.60, 39.11, 20.87, 16.13; HRMS (ESI) m/z calcd for C17H19O4PNa+ [M + Na]+, 341.0898 ; Found 341.0931.
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2. Diethyl 3-oxo-1,3-diphenylpropylphosphonate 3b


Yield: 76% (Brownish oily liquid). IR (KBr) 3058, 2979, 1687, 1250.55, 1053.16 cm-1; 1H NMR (CDCl3, 400 MHz) (ppm): 7.9329-7.9303 (d, 2H), 7.22-7.25 (m, 1H), 7.14 (t, J = 7.48 Hz, 2H), 6.69 (t, J = 7.32 Hz, 1H), 6.58 (d, J = 8.28, 2H), 4.26 (s, 2H), 3.90 (s, 1H); 13C NMR (100 MHz, CDCl3): 168.2, 161.5, 153.5, 137.5, 136.2, 128.5, 126.9, 126.7, 125.3, 124.5, 121.6, 42.9; HRMS (ESI) m/z calcd for C15H12N2OSNa+ [M + Na]+, 291.0568; Found 291.0560.
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3. Diisopropyl 3-oxo-1,3-diphenylphosphonate 3c


Yield:73 % (brown oily liquid). IR (KBr): 3058, 2979, 1687, 1232.06, 1023.33 cm-1. 1H NMR (400 MHz, CDCl3) δ (ppm): 7.84 (d, J = 1.04 Hz, 2H), 7.52 (t , J = 6.92 Hz, 1H), 7.46-7.41 ( m, 4H), 7.29-7.25 (m, 2H),7.21-7.17 (m,1H), 4.77-4.65 (m, 1H), 4.46-4.38(m, 1H), 3.94-3.85 (m,1H), 3.64-3.59 (m,1H), 3.80-3.72 (m,1H) 1.22 (d, J=6.16 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 196.73, 136.33, 133.22, 129.51, 128.58, 128.10, 127.13, 71.66, 39.45, 24.26, 23.14. HRMS (ESI): m/z for C21H27O4PNa+ [M + Na]+, calc.: 397.1598 ; observed: 397.1558.
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4.  Dibutyl 1,3-diphenylallylphosphonate 3d


Yield: 66% (yellowish oily liquid). IR (KBr) 3058, 2979, 1687 1235.15, 1027.36 cm-1; 1H NMR (CDCl3, 400 MHz) (ppm): 7.8524-7.8321 (d, 2H), 7.4396-7.3989 (m, 2H), 7.2566-7.2344 (d, J = 8.908 Hz, 2H), 6.69 (t, J = 7.32 Hz, 2H), 6.58 (d, J = 8.28, 2H), 4.26 (s, 2H), 2.4003  (s, 3H); 13C NMR (100 MHz, CDCl3):195.92, 137.02, 132.94, 129.30, 128.43, 127.06, 133.32, 66.51, 40.09, 32.56, 32.38, 18.69, 13.32; HRMS (ESI) m/z calcd for C21H27O4PNa+ [M+Na]+, 397.1598; Found 397.1558.
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5. Diethyl 3-(4-fluorophenyl)-3-oxo-1-phenylpropylphosphonate 3e


Yield: 64% (yellow semisolid). IR (KBr) ν: 3457.45, 3107.74, 1688.86, 1597.98, 1507.19, 1496.69, 1235.77, 1158.34, 1098.56, 1031.39, 966.74 cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.91-7.86(m, 2H), 7,36-7.34(m, 2H), 7.23-7.16(m, 2H), 7.15-7.11(m, 1H), 7.05-6.99(m, 2H), 4,04-3.94(m, 2H), 3.90-3.77(m, 2H), 3.69-3.54 (m, 3H), 1.20 (t, J= 7.04Hz, 3H),  0.99 (t, J= 7.04Hz, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm): 194.79, 164.57, 135.90, 130.81, 129.26,128.54, 115.84, 63.07, 39.76, 29.69, 16.33. HRMS (ESI) m/z C19H22FO4PNa+[M + Na]+, 387.1098.
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6. Diethyl 1-(4-fluorophenyl)-3-oxo-3-phenylpropylphosphonate 3f


Yield: 72% (yellow semisolid). IR (KBr) ) ν: 3062.39, 2871.21, 2345.30 1966.29, 1894.91, 1688.93, 1598.05, 1478.08, 1391.89, 1355.99, 1231.70, 1162.08, 1051.34, 967.52 cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.99-7.95 (m, 2H), 7.58-7.54 (m, 2H), 7.47-7.40 (m, 2H), 6.99 (t, J=8.52 Hz, 2H), 4.14-4.05 (m, 2H), 4.00-3.89 (m, 2H), 3.82-3.61 (m, 3H), 1.26 (t, J=7.04Hz, 3H), 1.11 (t, J=7.04Hz, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm): 196.34, 163.3, 160.80, 136.45, 133.41, 131.80, 115.54, 6 3.04, 39.20, 29.70, 18.71. HRMS (ESI) m/z C19H22FO4PNa+[M + Na]+, 387.1140.
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7. Diethyl 3-(4-methoxyphenyl)-3-oxo-1-phenylpropylphosphonate 3g


Yield: 70% (yellow oily liquid). IR (KBr): 3410.74, 2926.64, 2852.55, 1710.85, 1449.54 cm-1; 1H NMR (400 MHz, CDCl3) (ppm): 7.9423-7.9377 (dd, J= 1.84 Hz, 2H), 7.55-7.53 (m, 1H), 7.46-7.42 (m, 2H), 7.37-7.34 (m, 2H), 6.84-6.82 (d, J= Hz, 2H) 4.10-4.06 (m, 2H), 3.95-3.89 (m, 2H), 3.775 (s, 3H), 3.76-3.64 (m, 2H) 1.35-1.26 (m, 3H), 1.13-1.09 (m, 2H), 13C NMR (100 MHz, CDCl3) δ (ppm): 196.72, 158.67, 139.13, 136.65, 133.14, 130.45, 128.78, 114.39, 70.79, 60.27, 39.51, 33.76, 29.63, 23.99; HRMS (ESI) m/z calcd for C20H25O5PNa+ [M+Na]+, 399.1298; Found 399.1258.
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8. 
Diisopropyl (3-(4-methoxyphenyl)-3-oxo-1-phenylpropyl)phosphonate 3h
Yield: 64% (brownish oily liquid). IR (KBr): 3410.74, 2926.64, 2852.55, 1710.85, 1449.54 cm-1; 1H NMR (400 MHz, CDCl3) (ppm): 7.89-7.87 (m, 2H), 7.47-7.45 (t, J= 8 Hz, 1H), 7.39-7.31 (m, 4H), 6.78-6.76 (d, J= 8 Hz, 2H), 4.65-4.63 (m, 1H) 4.39-4.37 (m, 4H), 3.95-3.89 (m, 2H), 3.775 (s, 3H), 3.76-3.64 (m, 2H), 3.69-3.55 (m, 4H) 1.32-1.29 (m, 2H), 1.26-1.22 (m, 3H), 1.19-1.18 (m, 3H), 13C NMR (100 MHz, CDCl3) δ (ppm): 194.72, 156.67, 136.13, 132.65, 131.11, 130.35, 127.16, 114.39, 72.29, 57.27, 39.51, 33.76, 29.63, 23.99; HRMS (ESI) m/z calcd for C22H29O5PNa+ [M+Na]+, 427.1758; Found 427.2222.
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9. diethyl 3-(4-fluorophenyl)-1-(4-methoxyphenyl)-3-oxopropylphosphonate 3i


Yield: 69% (yellow oily liquid). IR (KBr) ν: 3431.70, 1686.22, 1232.40, 1027.62 cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.00-7.96 (m, 2H), 7.37-7.34 (m, 2H), 7.14-7.10 (m, 2H), 6.85(d, J= 8.4Hz, 2H), 4.11-4.07(m, 2H), 3.95-3.85 (m, 2H), 3.78 (s, 3H), 3.76-3.70 (m, 1H), 3.65-3.61 (m,2H), 1.30 (t, J= 7.04, 3H), 1.11 (t, J= 7.04, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm): 195.01, 167.02, 158.75, 133.04, 115.7 6, 62.95, 39.09, 37.43, 20.94. HRMS (ESI) m/z Calcd for C20H24FO5P Na+[M + H]+, 395.1450, Found, 395.1426.
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10. 
Diethyl (3-(4-fluorophenyl)-1-(4-methoxyphenyl)-3-oxopropyl)phosphonate 3j
Yield: 52% (yellow oily liquid). IR (KBr) ν: 3431.70, 1686.22, 1232.40, 1027.62 cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.99-7.95 (d, 2H), 7.13-7.08 (t, 2H), 6.84-6.82 (d, J= 8Hz, 2H), 4.14-4.03 (m, 3H), 3.94-3.84 (m, 2H), 3.74 (m, 3H), 3.71-3.57 (m, 3H), 1.31-1.26 (t, J= 17.24 Hz, 3H), 1.12-1.09 (t, J= 14.12 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm): 195.92, 167.22, 164.78, 158.77, 133.05, 130.87, 115.49, 63.97, 55.17, 39.09, 16.50. HRMS (ESI) m/z Calcd for C20H24FO5P Na+[M + H]+, 395.1450, Found, 395.1426.
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11. Diethyl (1-(4-fluorophenyl)-3-oxo-3-(p-tolyl)propyl)phosphonate 3k


Yield: 62% (yellow oily liquid). IR (KBr) ν: 3431.70, 1686.22, 1232.40, 1027.62 cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.85-7.83 (d, J= 8.04 Hz, 2H), 7.43-7.39 (m, 2H), 7.25-7.23 (d, J= 8Hz, 2H), 7.009-6.966 (t, J= 17.24 Hz, 2H), 4.07-4.00 (m, 2H), 3.98-3.89 (m, 2H), 3.82-3.57 (m, 3H), 2.40 (m, 3H), 1.31-1.26 (t, J= 17.24 Hz, 3H), 1.13-1.09 (t, J= 14.12 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm): 195.92, 163.22, 160.78, 144.24, 134.05, 130.87, 115.49, 62.97, 39.09, 37.43, 29.68, 16.34. HRMS (ESI) m/z Calcd for C20H24FO4P Na+[M + H]+, 395.1450, Found, 395.1426.
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12. Diethyl (1-(4-chlorophenyl)-3-(4-fluorophenyl)-3-oxopropyl)phosphonate 3l


Yield: 55% (yellow oily liquid). IR (KBr) ν: 3476.35, 2987.65, 1686.45, 1598.93, 1492.01, 1480.84,1411.72, 1395.76, 1007.10, 816.00, 799.86; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.97-7.94 (m, 2H), 7.38-7.35 (m, 2H), 7.13-7.08 (m, 2H), 4.14-4.04 (m, 2H), 3.95-3.86 (m, 2H), 3.82-3.54 (m, 3H), 1.26 (t, J= 7.04Hz, 3H), 1.11 (t, J= 7.04Hz, 3H); 13C NMR (100 MHz, CDCl3) δ (ppm): 194.67, 167.20, 167.20, 164.66, 134.56, 133.24, 132.88, 130.80, 128.72, 115.92, 63.14, 39.20, 29.68, 16.40. HRMS (ESI) m/z calcd; C19H21ClFO4P Na+ [M + Na]+, 421.0798; Found 421.0763
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13. Diethyl 1-(2-chlorophenyl)-3-(4-fluorophenyl)-3-oxopropylphosphonate 3m


Yield: 52% (yellow oily liquid). IR (KBr): 3459,3067.93, 2983.84, 1690.68, 1055.49, 969.57; 1H NMR (400 MHz, CDCl3) δ 8.00-7.96, (m, 2H), 7.52, (d, 1.72, 1H), 7.41 (d, 7.8, 1H), 7.23-7.09(m, 4H), 4.66-4.57 (m, 1H), 4.19-4.10 (m, 2H), 3.93-3.87 (m, 1H), 3.78-3.71 (m, 3H), 1.31 (t, J= 7.08Hz, 3H), 1.09 (t, J= 7.04Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm): 194.40, 167.03, 164.49, 135.18, 134.04, 132.76, 130.76, 129.67, 129.08, 128.26, 126.89, 62.93, 39.19, 18.02, and 16.42. HRMS (ESI) m/z calcd for C19H21ClFO4P H+[M + H]+,  399.7957; Found 399.0937
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14. Diethyl 3-oxo-1-phenylbutylphosphonate 3n


Yield: 49% (Brownish oily liquid). IR (KBr); 2987 cm-1, 2428, 1688, 1371 cm-1; 1H NMR (CDCl3, 400 MHz) (ppm): 7.38-7.33 (m, 2H), 7.28 (t, J=7.28 Hz, 2H), 7.23-7.19 (m, 1H), 13C NMR (100 MHz, CDCl3): 204.94, 160.78, 144.24, 131.97, 129.32, 128.18, 115.49, 62.97, 39.02, 21.61, 16.34; HRMS (ESI) m/z calcd for C14H21O4PH+[M + H]+, 284.1207; Found 285.1259
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15. Dimethyl 3-oxo-1,5-diphenylpennt-4-enylphosphonate 3o


Yield: 56% (yellow oily liquid). IR (KBr): 3444.72, 2985.01, 2089.59, 1659.38, 1613.83 cm-1; 7.54-7.51 (m, 3H), 7.45-7.35 (m, 5H), 7.33-7.27 (m, 2H), 7.25-7.23 (m, 1H), 6.70  (d, J= 16.24 Hz, 1H), 3.99-3.90 (m, 1H), 3.87-3.78 (m, 2H), 3.74 (d, J= 10.72Hz, 3H), 3.48 (d, J= 10.52Hz, 3H);  13C NMR (100 MHz, CDCl3) δ (ppm): 196.34, 163.3, 160.80, 136.45, 133.41, 131.80, 115.54, 6 3.04, 39.20, 29.70, 18.71. HRMS (ESI) m/z calcd for C19H21O4PNa+[M + Na]+, 367.1098 ; Found 367.1080.
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16. Diethyl 3-oxo-1,5-diphenylpennt-4-enylphosphonate 3p


Yield: 67% (yellow oily liquid). IR (KBr): 3444.72, 2985.01, 2089.59, 1659.38, 1613.83 cm-1; 1H NMR (CDCl3, 400 MHz) (ppm): 7.58-7.45 (m, 3H), 7.44-7.38 (m, 5H), 7.36-7.28 (m, 2H), 7.25-7.21 (m, 1H), 6.68 (d, J= 16.24 Hz, 1H), 4.16-4.04 (m,2H), 3.96-3.85 (m, 2H), 3.77-3.69 (m, 1H), 3.67-3.34 (m, 2H), 1.31 (t, J= 7.04Hz, 3H), 1.09 (t, J= 7.04Hz, 3H) );13C NMR (100 MHz, CDCl3): 195.96, 142.89, 130.35, 129.27, 128.35, 127.12, 126.15, 62.74, 40.16, 38.76; HRMS (ESI) m/z calcd for C19H21O4P H+[M + H]+, 345.1253 ; Found 345.1270.
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17. Diisopropyl 3-oxo-1, 5-diphenylpent-4-enylphosphonate 3q


Yield: 59% (yellow oily liquid). IR (KBr) cm-1;  3329.77, 2975.95, 1691.04, 1614.20 cm-1; 1H NMR (CDCl3, 400 MHz) (ppm): 7.52-7.44 (m, 3H), 7.43-7.39 (m, ,2H), 7.38-7.36 (m, 3H), 7.32-7.28 (m, 2H), 7.24-7.19 (m, 1H), 6.67 (d, J= 16.24Hz, 1H), 4.74-4.66 (m, 1H), 4.44-4.36 (m, 1H), 3.85-3.76 (m, 1H), 3.50-3.30 (m, 2H), 1.32 (q, J= 6.18Hz, 6H), 1.24 (d, J= 12.16 Hz, 3H), 0.86 (d, J= 6.2Hz, 3H); 13C NMR (100 MHz, CDCl3): 196.65, 143.08,134.04, 130.58, 129.50, 128.94, 126.05, 70.43, 39.11, 24.30, 23.08. HRMS (ESI) m/z calcd for C23H29O4P H+ [M + Na]+, 423.1870 ; Found 423.1707
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18. Dibutyl 3-oxo-1,5-diphenyl-4-enylphosphonate 3r


Yield: 52% (Yellow oily liquid). IR (KBr) cm-1; 3456.11, 3060.84, 2960.02, 1691.71, 1668.89, 1023.63; 1H NMR (CDCl3, 400 MHz) (ppm):7.56-7.48 (m, 3H), 7.43-7.36 (m, 5H),  7.31-7.27 (m, 2H), 7.23-7.19 (m, 1H), 6.66 (d, J= 16.24Hz, 1H), 4.10-3.80 (m, 5H), 3.65-3.61 (m, 1H), 3.59-3.34 (m, 1H), 1.73-1.58 (m, 3H), 1.42-1.32 (m, 3H), 1.26-1.17 (m, 2H), 0.95-.89 (m, 3H), 0.82 (t, J=  7.2 Hz, 3H), 13C NMR (100 MHz, CDCl3): 196.21, 143.20, 136.02, 134.28, 128.94, 127.25, 125.95, 66.57, 40.99, 32.40, 24.52, 18.76, 13.62; HRMS (ESI) m/z calcd for C25H33O4PNa+ [M + Na]+ 451.2020; Found 451.1998
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Mass Spectrum List Report

Analysis Info

Analysis Name  D:\Data\AKC\14-03-19-SP-54.d

Acquisition Date  3/18/2014 12:10:16 PM

Method sodium formate tune_low.m Operator VIKAS GROVER
Sample Name  SP-54 Instrument / Ser# maXis 40
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 7.0 /min
Scan End 500 m/iz Set Collision Cell RF  300.0 Vpp Set Divert Valve Source
Intens. {
x10%
B! 387.1106
2.04
159
1.04
0’55 206.0595
0.0 |
50 100 150 200 250 300 350 400 450 miz
—4MS, 0.1min#8
# miz__Res. SIN | _FWHM
1 118.1163 15372 16.2 1260 0.0077
2 170.0946 17188 20.7 1644 0.0099
3 183.0766 17446 50.7 3806 0.0105
4 1950908 17478 291 2258 0.0112
5 2050381 18076 309.0 21900 0.0113
6 206.0596 16845 13.2 1126 0.0122
7 2210337 16832 129 1100 0.0131
8 227.0868 18356 43.1 3189 0.0124
9 241.1025 18048 11.5 995 0.0134
10 337.1000 18244 194 1716  0.0185
11 347.1405 19137 227 2004 0.0181
12 365.1327 15943 1654.9 135027 0.0229
13 366.1353 18181 3046 25077 0.0201
14 367.1375 16844 2717 2493  0.0218
15 3691227 17487 342 3048 0.0211
16 371.1420 12255 10.0 1060 0.0303
17 377.1507 16265 10.3 1112 0.0232
18 3791472 18477 18.2 1808  0.0205
19 384.1162 16547 123 1321 0.0232
20 387.1106 15134 23468 210986 0.0256
21 388.1175 17647 4947 44861 0.0220
22 389.1194 18414 46.0 4406  0.0211
23 399.0930 19087 226 2351 0.0209
24 401.0918 16768 10.2 1179 0.0239
25 403.0882 17255 7277 66973 0.0234
26 404.0908 19414 1127 10527 0.0208
27 4050882 15476 387 3751 0.0262
28 421.0744 18912 59.6 5244 0.0223
29 4220780 19896 10.8 1132 0.0212
30 4240121 17759 16.4 1598  0.0238
Bruker Compass DataAnalysis 4.0 printed:  3/18/2014 12:10:16 PM Page 1 of 1
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Mass Spectrum List Report

Analysis Info Acquisition Date  3/19/2014 11:19:24 AM
Analysis Name  D:\Data\AKC\14-03-19-SP-55.d
Method sodium formate tune_low.m Operator VIKAS GROVER
Sample Name ~ SP-55 Instrument / Ser# maXis 40
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V' Set Dry Gas 7.0 Vmin
Scan End 500 m/z Set Collision Cell RF  300.0 Vpp Set Divert Valve Source
Intens.
x1053
387.1149
2.04
1.5
1.09
08 205.0595 l
0.0 L
50 100 150 200 250 300 350 400 450 miz
——+MS, 0.1min #8
# miz Res. SIN | FWHM
1 118.1163 15372 16.2 1260  0.0077
2 170.0946 17188 207 1644  0.0099
3 183.0766 17446 50.7 3806 0.0105
4 1950908 17478 291 2258 0.0112
5 205.0595 18076 309.0 21900 0.0113
6 206.0624 16845 13.2 1126  0.0122
7 221.0337 16832 12.9 1100 0.0131
8 227.0868 18356 431 3189 0.0124
9 2411025 18048 15 995 0.0134
10 337.1000 18244 194 1716  0.0185
11 3471405 19137 22T 2004 0.0181
12 3651327 15943 1654.9 135027 0.0229
13 366.1353 18181 304.6 25077 0.0201
14 367.1375 16844 277 2493 0.0218
15 369.1227 17487 342 3048 0.0211
16 371.1420 12255 10.0 1060 0.0303
17 377.1507 16265 10.3 1112 0.0232
18 379.1472 18477 18.2 1808  0.0205
19 384.1162 16547 12.3 1321 0.0232
20 387.1149 15134 2346.8 210986 0.0256
21 388.1175 17647 4947 44861 0.0220
22 389.1194 18414 46.0 4406 0.0211
23 399.0930 19087 226 2351 0.0209
24 401.0918 16768 10.2 1179  0.0239
25 403.0882 17255  727.7 66973 0.0234
26 404.0008 19414 112.7 10527  0.0208
27 405.0882 15476 387 3751 0.0262
28 4210744 18912 59.6 5244 0.0223
29 4220780 19896 10.8 1132 0.0212
30 4230721 17759 16.4 1598 0.0238
Bruker Compass DataAnalysis 4.0 printed:  3/19/2014 11:27:43 AM Page 10of 1
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